This study was conducted to evaluate the ability of the large intestine to absorb calcium (Ca) and magnesium (Mg) from their sparingly water-soluble salts, and also to determine whether fructooligo saccharides (FOS) stimulate the absorption of these minerals in rat large intestine in vivo. Rats were fed Ca and Mg-free diets with and without 5% FOS. An aqueous suspension of CaCO3 and MgO was infused into the stomach via a gastric tube or into the cecum via an implanted catheter. Coprophagy was prevented by using wire-mesh anal cups throughout the experiment so as to exclude the re-ingestion of feces as an oral mineral source. In rats fed an FOS-free diet, the absorption degrees of Ca and Mg infused into the cecum were the same as those infused into the stomach. The absorption degree of phosphorus (P) was slightly but significantly higher in rats with the infusion of Ca and Mg into the cecum than in rats with the infusion of Ca and Mg into the stomach. FOS-feeding increased the absorption of Mg to a similar extent in either case of infusion via cecal and oral routes, while FOS-feeding did not increase the absorption of Ca in rats with infusion of Ca and Mg into the cecum. We concluded that both CaCO3 and MgO are absorbed in the large intestine, and we ascertained that the increasing effect of FOS on the absorption of Mg took place mainly in the large intestine.
RESULTS
Food intake and body weight The initial and final body weights did not significantly differ between the groups (Table 2) . FOS feeding decreased food intake.
Ca balance (Table 3) The apparent absorption of Ca infused into the stomach was higher than that absorbed into the cecum. FOS-feeding increased the apparent absorption and retention of Ca irrespective of the infusion route. The apparent absorption and retention of Ca increased in the case of infusion into the stomach in the FOS-fed groups.
Mg balance (Table 3) The apparent absorption of Mg into the cecum in rats was equivalent to the Ca and Mg infusion into the stomach for both the control and FOS-feeding groups. FOS-feeding increased the apparent absorption of Mg irrespective of the infusion route. However, the retention of Mg did not significantly differ among all of the groups.
P balance (Table 3) The apparent absorption of P was higher in rats with Ca and Mg infusion into the cecum than in rats with Ca and Mg infusion into the stomach. On the other hand, the retention of P was lower in rats with Ca and Mg infusion into the cecum than in rats with Ca and Mg infusion into the stomach. The apparent absorption of P was decreased by FOS-feeding.
Apparent absorption ef ficiency of Ca, Mg and P (Fig. 1) The apparent absorption ratio of Ca in FOS-fed rats with Ca and Mg infusion into the stomach was higher than in the other three groups. The apparent absorption ratio of Ca did not differ among these three groups. Regardless of FOS feeding, the apparent absorption efficiency of Mg infused into the cecum was similar to that of Mg infused into the stomach. The apparent absorption efficiency of P was higher in the case of infusion in the cecum than in infusion in the stomach.
Retention efficiency of Ca, Mg and P (Fig. 2) The retention ratio of Ca in FOS-fed rats with Ca and Mg infusion into the stomach was higher than in the other three groups. The retention efficiency of Ca did not differ among these three groups. The retention efficiency of Mg was similar among all of the groups. The retention efficiency of P was decreased by FOS feeding, being lower in rats with Ca and Mg infusion into the cecum than in rats with Ca and Mg infusion into the stomach.
Ca, Mg and P contents in serum and femur (Table 4) The serum concentration of Ca in the FOS-fed groups was higher when Ca was infused into the stomach than when Ca was infused into the cecum. The dry and ash weights of femur samples and the serum concentrations of Mg and P did not differ among the groups. The P content of the femur samples in the FOS-fed groups with Ca and Mg infusion into the cecum was lower than that in the other three groups.
The pH and weight of cecal contents (Table 5) The pH of the cecal contents was decreased by FOS feeding, while the weight of the cecal contents was increased by FOS feeding. Table 5 . Wet weight and pH of cecal contents. 
DISCUSSION
There are very few reports which mention the in vivo absorption of Ca or Mg from the large intestine. Amman et al. (1986) reported that soluble Ca (45CaCl2) injected into the cecum was readily absorbed from the large intestine of rats. Even if Ca salts with low solubility are dissolved by gastric acid, they return to their original insoluble forms in the small intestine. It seems likely that these Ca salts are sparingly soluble in the large intestine (23) . The experiment reported here was conducted to investigate the in vivo absorption of CaCO3 and MgO from the large intestine using rats with anal cups attached to prevent coprophagy (20) . The results revealed that the large intestine was capable of absorbing nutritionally sufficient amounts of Ca and Mg from sources with low solubility.
In a previous experiment using cecectomized rats, we showed that Ca and Mg ingested orally is not absorbed or only slightly absorbed from the cecum, colon and rectum (15, 17) . However, the present results demonstrate that Ca and Mg infused into the cecum were absorbed from the large intestines of rats fed a FOS-free diet. Moreover, the Ca and Mg contents of the femur did not differ among all of the groups, irrespective of FOS feeding (Table 4 ). Petith and Schedl (5) reported that Ca absorption from the large intestine is markedly enhanced by Ca restriction. However, they did not assess this event quantitatively. Our present results suggest that the large intestine absorbs nutritionally sufficient levels of Ca and Mg from Ca and Mg salts with low solubility even though the small intestine cannot absorb them. There is, however, no information about the mechanism which controls Ca or Mg absorption in the large intestine. This is an important feature to be discussed in the future.
The absorption of P in rats with Ca and Mg infusion into the cecum was higher than that in rats with Ca and Mg infusion into the stomach. Previous reports showed that an increase in the P content in the diet decreased the absorption of Ca and Mg (14, 23) . Brink et al. (23) suggested that the formation of an insoluble Ca-P-Mg complex in the lumen, which was stimulated by high-P feeding, decreased the absorption of these minerals. Although the mechanism of P absorption has not been adequately explained, a system for the absorption of P in the small intestine has been proposed (25, 26) . Therefore, the inhibition of P absorption may reflect the formation of an insoluble P salt complex with Ca and Mg in the small intestine. Conversely, this can account for the decreased absorption of P when CaCO3 and MgO are infused directly into the cecum.
Increases in Mg absorption by FOS-feeding were not only observed in rats with MgO infusion into the cecum but also in rats with MgO infusion into the stomach, suggesting that such stimulatory effects of FOS take place in the large intestine. In our previous study, we estimated that about half of the FOS-induced increase in the absorption of Mg takes place in the colon and rectum (17) , and the present results indicate that the other half takes place in the cecum. However, this inspection is A. OHTA et al .
not complete, because a compensatory increase in Mg absorption due to FOS feeding takes place in the large intestine as described above. Several authors have speculated that a decrease in the luminal pH, due to the microbial fermentation of indigestible carbohydrates such as FOS, increases the soluble fraction of minerals and thus increases the absorption of these minerals via a passive route (4 , 6, 7) . The process in this route is not regulatory (4, 6, 7) . Trinidad et al. proved that short-chain fatty acids which were produced by luminal fermentation stimulated mineral absorption (27) . Additionally, we suggested the possibility that SOFA would stimulate Ca and Mg absorption (20) .
Incidentally, FOS-feeding increased the absorption of Ca in rats after CaCO3 infusion into the stomach, but not in rats with CaCO3 infusion into the cecum . There are three possibilities which may explain these findings. First , a stimulatory effect of FOS on Ca absorption occurs in the small intestine under the above experimental condition. Second, the capacity of the large intestine for Ca absorp tion is limited; therefore, the effect of FOS-feeding may also be limited . Third, the chemical form of Ca infused cecally into the large intestine was different from that administrated orally; that is, Ca infused into the stomach may form a Ca-P-Mg complex in the small intestine as described above (23) . The effects of FOS may depend on the chemical form of the Ca source. It is necessary to examine the absorption of other chemical forms of Ca and Mg, such as their phosphate salt , by infusing them directly into the cecum.
We conclude that the large intestine has the ability to absorb large amounts of Ca and Mg from CaCO3 and MgO, which are respectively very sparingly soluble in water, and suggest that the stimulatory effect of FOS on the absorption of Mg takes place mainly in the large intestine.
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